Introduction
Following the Fukushima Nuclear Accident (FNA) in 2011, large quantities of fission fragments and nuclear fuel were released into the environment from the damaged Fukushima Dai-ichi Nuclear Power Plant. Two gamma-ray emitting fission fragments commonly used to track the fallout from nuclear accidents are 134 Cs (T 1/2 = 2.06 y) and 137 Cs (T 1/2 = 30.17 y). These cesium radioisotopes were released in large quantities from the Fukushima Dai-ichi discharge channels at a 134 Cs/ 137 Cs activity ratio of 0.99(3) [1] though this activity ratio will change over time due to the different halflives of each radioisotope.
Before the FNA, there was an existing population of 137 Cs throughout the environment due to its relatively long half-life as a legacy of atmospheric nuclear weapons testing which stopped in 1980 and the Chernobyl Nuclear Accident which occurred in 1986. The 134 Cs released from these events would have entirely decayed away prior to the FNA making detection of 134 Cs an unambiguous indicator D r a f t 3 tional monitoring campaigns have been initiated to investigate the contamination of various freshwater [5, 6] and marine [7, [10] [11] [12] [13] [14] [15] biota as well as to develop 137 Cs bioaccumulation models in Pacific food-webs [16] .
The primary purpose of many radionuclide monitoring campaigns is to describe the degree of contamination in the environment or to provide a dose estimate to the the public within a specific region. The data from these campaigns may then be pooled together to provide global estimates for the total worldwide radionuclide contamination from all major nuclear events [8] or to provide detailed effective dose estimates for the global population [17] .
Though none of the monitoring campaigns listed above measured total radiocesium ( 134 Cs + 137 Cs) activity concentrations near Health Canada's action levels for total radiocesium at 1000 Bq/kg [18] or effective doses near the dose limit set by the Canadian Nuclear Safety Commission (CNSC) at 1 mSv/y [19] , there are still concerns held by many in the general public regarding the safety of consuming Pacific seafood. The primary objective of the current study was to address these concerns by monitoring radiocesium activity concentrations in various species of Pacific salmon, anadromous fish which have been seen to accumulate and transport pollutants across the Pacific Ocean to their spawning locations [20, 21] .
To accomplish this task, Pacific salmon collected in 2013 and 2014 from two locations of the Fraser River watershed were measured to quantify their level of Fukushima-derived contamination using low-background gamma-ray spectroscopy at Simon Fraser University. processed and measured in the same manner as the soil samples and will be presented with them.
These sampling locations are labelled in Fig. 1 as black stars. To reduce the volume and dehydrate each sample, each sample was baked in an oven at 400 • C until it had a stable mass. The mass of each sample was measured before and after baking.
Radionuclide detection
The gamma-ray emitting radionuclides in each sample were detected with the Germanium detector for Elemental Analysis and Radioactivity Studies (GEARS) at the Simon Fraser University Nuclear Science Laboratory (SFU NSL). GEARS contains a p-type GEM profile series high-purity germanium (HPGe) coaxial detector with a crystal diameter and length of 59.0 and 74.4 mm respectively. This detector has proven useful in the past to monitor 131 I levels in environmental samples in the months immediately following the nuclear accident [2] and more recently in a similar project to measure radiocesium in sockeye salmon collected from First Nations fisheries on Vancouver Island [15] . A more detailed description of the detector setup for the environmental monitoring campaigns may be read in Ref. [2] . The absolute efficiency of GEARS while measuring point sources was evaluated using the technique described in Ref. [22] . Homogenised environmental samples were measured for 2-10 days in a glass vial, a 300 mL Marinelli beaker, or a 600 mL Marinelli beaker depending on their size. The absolute efficiency of GEARS while measuring environmental samples in these extended volumes was determined using the GEANT4 software package [23, 24] via the method described in Ref. [2] .
Radionuclide analysis
In each measured spectrum, gamma-ray energy peaks were analysed with the gf3 program in the D r a f t 6 unknown Vol. 99, 2017 measured spectrum respectively. Detection of anthropogenic 134 Cs was confirmed via the presence of the two highest intensity 134 Cs gamma-ray peaks at 604.7 and 795.9 keV though only the 604.7 keV peak was used for quantification. The 795.9 keV peak was only used to verify the presence of 134 Cs as there was a significant error when measuring the area of this energy peak. This error arose because the detection of this gamma-ray peak required deconvoluting it from a partially overlapping background peak from 228 Ac, another NORM isotope. In the event where one of the radionuclides of interest could not be detected in a given sample, the maximum activity concentration of that radionuclide potentially present was determined by calculating the minimum detection limit (MDL) for that radionuclide via the method described in Ref. [26] .
Measured activities were background corrected either with a three day long background measurement taken before the monitoring campaign if the sample was measured in the first batch or a ten day long background measurement taken in between sample measurements if the samples were measured in the second batch. Shorter background measurements were taken periodically to ensure there was no significant changes to the background over the duration of the entire monitoring campaign. The dry weight (dw) activity concentrations for radionuclides measured in each sample [A dw ] were determined via:
where A is the measured activity of the radionuclide and m dw is the mass of the sample after it was processed/freeze-dried. The fresh weight (fw) activity concentrations of radionuclides present in each environmental sample [A fw ] was then calculated via: general. To address this concern, an upper limit for the dose contribution received by an individual from both anthropogenic and NORM isotopes measured in the salmon samples was calculated under two Table 3 . Table 3 . A breakdown of the upper limit for a dose received by an adult individual who consumes seafood with the same level of anthropogenic radionuclide contamination as sample Chinook-HR-9, the sample with the largest measured level of anthropogenic radionuclide contamination. The dose from a single 200 g meal as well as from average Canadian seafood consumption over a year (8.8 We conclude that despite there being greater activity concentrations of radiocesium in the soil and roof-debris samples than in the Pacific salmon samples, the measured activities are well below the Canadian action levels for radiocesium contamination in commercial food and beverages (1000 Bq/kg fw) and in public drinking water (100 Bq/kg fw) [18] indicating little risk to no health risks for residents of British Columbia. 
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